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F. Henke & O. Lubarsch (Editors), Hdb. Spez. Path. Anat. u. Histol.,
Voi. I, Pathology Section, p. 84 o
57

Section 13: (From H. Schleussing: Meningitis (without the
Anthrax hacillary meningitis. specific forms)

The meningeal inflammation caused by the anthrax bascillus (Bscillus
anthracis) was described by Wagner as early as 1874. A large number of
individual observations were s:bsequently published and were collected in
1913 by Pulci. Infection usually occurs via the circulation, but the
reninges may also be infected by the lymphatic route or by direct trans-
mission from anthracic foci on the head, the throat and the upper respiratery
and digestive tracts. Pathologic-anatomically, nesrly all reported cases
are dominated by extensive hemsl excravasation in tl e meninges. It must be
emphasized in opposition to reports to the contrary that this iavolves a
genuine inflammation and not hemorrbages. The disorder usually localizes
in the region of convexity and thus leads tn the picture of the so-called
red hood. Toxic injuries to the vascular walls must be considered instru-
mental in extensive hemal exudation (F. Herzog 1915, Baxi 1926 and others).
Aside from hemorrhages by diapsdesis, anthracic meningitis is marked slso
by necrosis and rupture of the larger vessels. Although the leucocytas
may be dominuted by erythrocytes, lymphocytes and histiocytes in s few cases,
leucocytes with lobulated nuclei as & rule ars present in copious amounts.
The presence of large quantities of anthrax bacilli within the lywphatic
sheaths of vessels has been pointed out from various quarters.
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Vol. 11, p. 734

Rarer Forms of Acute and Subacute Lymphadenitis. (From L. Jores)

Fibrinous exudation is frequently ssen in pharyngeal diphtheria, in which
leucocytic emigration takes place in the cervical lywph glands and nstworks of
fibrinous threads are found in the winuses, follicles and tha blood vessels,
the same is trus of pneumonia. Necrotic foci (e.g. in typhus) may also be
permeatad with fibrin. Fibrinous - hsmorrhagic inflammations also occur, most
pronounced in ths case of anthrax (lymph nodes are considerably enlarged),
whare the demonstration of massive bacilii usuaily succeeds; in addition,
they are scen in glanders and plagus.




Vol. IT1, pp. 803-8Z0
(From W. Mohr: Rarxre Infectious Diseases)
Anthrax, Charbon bacteridien, Splenic-Fever.

Anthrax is an infectious disease with a predominantly sopticemic coursa.
It occurs prin:ipslly tn plant-saring mammsls and swine. Human infections as
a rule develop through contact with diseased animals or animal products.

History: Anthrax was known in ancient times as an animal sffliction which
occasionally reached epizootic proportions znd wag transmissible to humans.
The anthrax baciilus was first seen by Polleader (1849) in the blood of anthracic
animals and was cuitivated artificially by Robert Koch in 1876. The latter also
observed sporulation for the first time and discovered the epidem!clogy of
anthrax based on the high resistance of ths spores.

Etfology: The anthrax S.cillus (B. anthracis) is s non-motile, gram-positive
rod with gquare ends, 4 - 10 microns long. In the animal organism, the santhrax
vacillus occurs as a single rod and {s surrounded by a gelatinous envelope, the
capsule. The question of toxin production by the anthrax bacillus as a cause of
many symptoms of the disease 1s not clear. The concept of toxin production is
contrasted with the awsumption that capillary emboli due to massive propsgation
of anthrax bacill{i are the cause of death. Anthrax bacilli die within 2 - 4
days in anserobic putrefaction of unopanad cadavers. The snchrax bacillus sporu-
lates outside the animal organism in the presence of oxygen. Anthrax spores sare
extremely resistanc. Still, they may be inactivated witi hydrochloric acid, and
this 9 -~ 10 times as repidly asg with sulfuric acid. They remsin infective for
30 to 40 years in the dry state. The bacillus grows on the customary nutrient
media with thread formation. Reproduction even takes place in the external
world, provided sufticient nutrienis and humidity are present, especially among
anthrax germg excreted with the feces. '

Transmission: Among human beings, infection as & rule emanates from the
external skin. Intestinal anthrax is rare and occurs prrimarily in uncivilized
countries after consumption of spores with the meat anc milk of anthracic
animals. Primary pulmonary anthrax occurs among rag :orters (woul-sorter's
disease) and among peoples of the steppes. In the steppas, dried cattle excreta
are used as fuel in the absence of other matirials. In blowing on the fire,
anthrax spores contained in the feces are inhaled. For this reason pulmonary
anthrax i{s found in these regions pradominantly among women.

Oral infection is the rule among mammals and birds developing exclusively
through the =;-ncy of spores. Since no spores are produced in anthracic
cadavers, carnivores will infeet themselves during the consumption of such
cadavers only when thése are no more than 1 - 2 days old and the feeding animals
have wounds in the oral cavity, the pharynx or the esophegus. On the other hand,
spores are ingested by herbivores on the meadows along with their fodder. For
this reason anthrax infections occur ssseutially among herhivores. They are
most prevalent among cattle and sheep. Thus, anthrax among herbivores is not a
coutact intection, but a ground infection. Occasionally, blood-making insects




may contribute to the dissemination of anthrax.

Incidence: Anthrax has & world-wide distribution. In Burope with the
exception of East and South~East Europe it is far rarer due to legally enforced
controls. The high resistance and prolonged viability of anthrax spores impedes
the eradicaticn of this diseagse even in Europe. Moreover, additionzl infectioas
are caused by importation of anima]l products from countries vith a high incidence
of anthrax. According to a compilation by Mussses:ir, the testing of dry hides
by Ascoli's method up to the year 1929 uncovered 79 (4%1) positive hides among
1,952 from China, 59 (0.4%) among 12,533 from India, 231 (1.2%) of 18,705 from
Argentina, 126 (2.13) of 5,900 from Uruguay, 6 (2%) of 300 from Sensgal, 69
(1.3%) of 5,152 from Mombasaa and 55 (1.31) positive hides among 4,100 from
Abessinien just to.mention the most important import countries. The role played
by anthrax in some covatries is reflected in the report by Delpy and Kaweh, who
state that more than one (1) million sheep died of anthrax in Iren during 1944/
45. 1In Germsny, cessation of foreign imports during the first world war led to
a considerable abatement of anthrax cases. A renewed rige was noted fros 1918
to 1930, especlally in Schleswig-Holstein, which occupies the first place in the
incidence of anthrax in Germany. This is dus to the large tanneries loceted
here, which process foreign hides. Since 1932 the numbar of anthrax infections
decressed and reached a low of 0 during the last world war, followed by a renawad
rise to 10 in 1949. Still, this number is quite small compared to 408 casses
among cattle and 1,014 among hogs in 1914. Until 1930, the river Stoer, on
which Meumnenster, ths principal Korth German leather processing caenter, is
located, abisorbed the wastes from tanneries withoyt filtration. Ths oumbar of
animals lost due to anthrax decreased considerably upon the installation of a
pur ification plant for tannery sewage in 1930.

Generslly speaking, the conditions for the persistence of contamination on
meadovws and pastures are not favorable in German's climate, but anthrax may
become endemic even hera on moist terrains since the spores survive for the
longest time on grounds that are moist or exposed to occasional floods.

Usaally anthrax represents an imported infection and the chain of contagion
1s assumed to proceed according to the following pattern.

Iafsctive chain of the anthrax bacillus accordirg to Graf:
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Anthrax {n animals; Among ruminants and horses, anthrax usually occurs
septicemically, The infection at times has a peracute course, but usually it
is acute or subacuts., Initially, greac agitation sets ir, accompanied by high
fever, Consumption of fodder ceases. Hsmorrhages from the intestine, the
nose and mouth, as well as sanguinolent urine are frequently observed. The
duration of disesase 18 1 - 3 days on the average. A chronic course leads to
death in 2 - 3 months wich severe emaciation. The abortive form frequeatly
ends in recovery. The worst conepicuous anatomical changes in scute cases are
incomplete rigor mortis, serous exudates and hemorrhages in all organs. The
lymph nodees and, especially, the spleen are swollen. The splenic pulp is dark
red and has a sushy consistency. The liver, kidnays and breast muscle are
degenerated.

The pig usually .cquires a locel infection of the paarvnx and the regional
lywph node (anthr=_:ic angina) vhich has a henign ~ourss. It is frequently
found in apparen:ly healthy swine processed in slaughter houses.

Human Anthrax: In Germany, this disesase afflicts very defimite occupational
groups, according to Grai's compilation in the following sequence in decreasing
frequency:

1. Stevedores

2. Tanners

3. Men and women in industries processing fur, hair, and wool, such as
brush factories, hc-se hair, and thread spinning mills, wool combing establish-
ments as well as enterprises processing rags.

Infections from finished products of animal origin, such as shaving brushes,
brushes and wool clothing are rare.
4. Animml husbandmen
5. Butchers
6. Veterinarians

The mortality of group 1 amounted to 38.77. among 150 cases reported during
1910 - 1923, contrasted with a dsath rate of 13.4% of 476 cases among tanners.
jroups 1 ~ 3 almost invariably contract sporal infections, whereas groups &4 - 6
pually reveal bacillary infections,

Thus, Hembu-g with &1 averags of 6.5 cases per ons (1) million inhabitants,
together with the District of Luneburg with 5.8 and Schleswig with 4.8 had the
highsst incidence compared to an average of 1.6 cases in the remaining parts of
Germany, The s!tusgtion gains in clarity with the statistics of the Guild of
Leather Workers for the years 1910 - 1925, as reported by Graf. According to
these data, cases of human anthrax originated in

Trade und transportation 147 times with 57 deaths s 39%
Tanneries 550 times with 73 deaths » 132
Dealings with hair and ita pracessing 350 times with 103 deaths » 292
Agriculture and slaughtering 1,060 times with 106 deaths = 10%

On the average 2,107 times with 339 deaths = 167

3.




During the war of 1940 -~ 1945, the incidence of anthrax !n transportation
and tanning approached zero (Graf). There were no cases during 1943 - 1947,
the next two were reported in 1948,

Tadble 1
The disesss was {ncurred —_lamber o, ——'&-—*———-—3—3—“‘ casss durl
due to dealings 19i0-1929% ‘ 1930-1937 19
Total _Per Year TYetal Per Year Per Year
With I1iving animals 31 2 13 2 9
With emergency slaughter 1,120 56 363 45 39
With expired animsls 262 13 55 7 2
Hith animal nair or bristle 2i4 il o7 8 7
With hides or tur 896 45 141 18 24
Of other physical nature 51 3 32 4 3
Of non ;rcfessional type or
without statement of purpose 286 14 53 7 4
otal 2,860 144 724 91 88

This correlation with certain occupations is also reflected with exceptional
clarity in the precedins Table 1 of the Rational Public Health Service for the
years 1910 - 1932,

Valusble information is gleansd also from a compilation of the locations
at vhich 946 infectious occurred during 1906 - 1948, Werk im the storshouses
of tanneries was responsible for 159 cages with 24 fatal issues, occupation in
witer treatment shops csused 312 cases vith 27 fatalities and work {n lime
treatment shnps, 218 cases, of which 26 died.

These involved predominantly cutaneous anthrax, The infecting spores enter
tha organism through the skin, which usually is injured,

BDue to the affinity of this infection for certaim occupations, it is found
Aawag men at a rate exceeding 902, Thus there was only one woman among sleven
cases of cuteneous anttrax observed at the Tropical Disease Hospital during 1931-
1939. Eight of thess 10 msn wers employed in the harbor as transport or store-
housa workara. The anthvax cases treated at the Hemburg Tresical Insiitute since
1949 {nvelved stevedores (3 cases) who unlpaded pelts fram East Asia and Turkey,
and nearly as frequently male (4) and female (6) workexs of a wool carding plant
wko processed woolen material, primsrily goat hair, usually freom Austcalis and
Sauth Africa.

Pathological Anatomy: A carbuncle develops at the site at which anthrax
bacilli eunter the skin or mucous membrams. It shows a central-neurotic eschar
with surreunding coszse tissus iafiltration., Copious calls permmate the
‘onnective tissue in this region, frequent'y even hemal extrsvasates and deposits
of fibrin. The eschar consists of mecrotic skin tissue cund destroyed epithelfal
cells, Anthrax bacilli contained therein usually have died or are demonstrable
only in smal]l mumbers; however, thare are copious pyogenic bactaria, predomi-
nantly streptococci. Viable bacteria are found principally {n the edematously
saturated surroundings of the carbuncle.

4.




Anthrax edema aleo develops in the region where bacilli hLuve penetrated
the skin, The result is a cellular-serous saturation of the skin and the sub-
cutanesus connective tissue. 1ln some cases these infiltrates may be sanguino-
lent, and gangrene mav develop in circumscribed places.

Puimonary anthrax, vhose patheologic-anatomical lesions were studied in
detail by Eppinger, ‘requently reveals hemorrhagic infiltrates and pustules
in the nassl mucous membrane., The diffusely erythemstous laryngeal mucous
mewbrane also shows such changes. The lungs are severely hyperemic. The
initially lobular pneumonic {nfiltrates have a tendency to confluence and the
formation of lobar infiltrates. In addition, there may be sanguinecus infarcts
and occasipral frenkly gangrenous foci., Very often the pulmenary disorder is
accompanied by exudative pleuritis. The trumk bronch{ occazionally show the
development of anthracic, £ibrinous pseudomembranes (X. Fraenkel and Reye).
The bronchisl glands are slwsys highly swoilea, hyperemic and permsatad with

hemorrhages. Consequently they may at times appear to be dark red, almost
bl.ck-

The spleen is soft, rich in blood and usually enlarged. There is &
certain divergence here from findings in animals, wvhose organ, although
enlarged, is very brittls and reddish-black (on which circumstances the
designation "splenic fever™ is based).

The kidneys are filled with bloocd and show partial epithelial degeneration.
The observation that the glomruler vesssls ars very frequently filled with
bacilli, seems significant.

The brain and the meninges are sdemstous and hyperemic. Hsmorrhages of

varying size are not at all rare. These may also be traasfermed into foci of
softening.

Nearly all cases of intermal anthrax and anthracic sepsis reveal such

changes. At times, such a hemorrhage may encompass the brain in the form of
a hood.

Similarly to the cutansous lesions, circumscript, carbuncular inf{ltrations
or flower bed-like elavations are found in cases of imtestinal anthrax, rsrely
in the stomach, more often in the duodenum, most fresuently {n the small {ntast-
ine and colon, seldom in the rectum {in contrast to amebic dysentsry), These
consist of serous-purulent inf{ltrations in the submucosa, The mucous membrane
above such {nfiltrates undergoes a gradusl stretching process ending in ulcer-
ation. The surroundings of these ulcers is gelatrinous. The number of foci in
the intestinal mucous membrane ray be considerable, 40 or more. The mucous
menbrane between thase points usually i{s quite red and slightly gelatinous,
More profuse hemorrhages may occur in the onward course of the dissase. Almpst
invariably the infection metastasizes to the mesenteric lymph glands, at _imes
to the retroperitoneal ones which then in turn swell and reveal heavy cellular
infiltration, frequently marked by a dark red appearance due to hemorrhages.
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Climic and coursa: Your humsm ferms crs recegiizad:

1., Cutanesus sathrax. 93% ef ail camms,

2, Anthrscic edeams, which usually fellew cutssseus anthrax,
3. Pulmenary anthrax (wesl-sertar's diseass),

4, Anthrax of thn gastreinteastinal irace.

Tabla 2 reproduced bw sw aftar Craf effexrs o perspectivs sa the distridutien

of ths individual disease ferms ameng $32 caser reported im Cermeny during 1931-
1938,

Table 2
Seat 05 %g %# Y ty Pe
Iatar anthrax 17
Ixtsrasl sxthrax
Nead 124 13 10.53

Threat and msck s 2¢ 26.5
Arm 419 22 5.3
—Klawders 24 - . 2.3

Tstal 682 81 1

1.9

1. Cutzmsous amthrax. Iwcubatiem tims. Abeut 2 -3 days after iafectiem,
very raxaly aftar euly a fov hours, s reddish ares abeut the siss of 2 pamay
appesTs ceataining in its center s slightly raised spat ressudlisg
Ths latts: changes te a small papuls rd very sasm reveals a dluish-b
centar, [he initial stats of infectisa rarely cemm:s under msdical cbesrvstiss;
tkis wsuzlly eccurs after fexmatien of the carbumcle. The primsry fecus is
fouml predsminantly im early sccassibla regiens of the skin, swh as the hands,
arws, or the face. In meet cases tsrs is only sne fecus, but ssvaral
appear,. In thel caps it iwvarisbly imvelves aute-infactiscs. After 12 te 15
howuxs, hasvy redmas and swmlling appearxs areusd the pupules. The pupuls chamges
inte a vasicle with a yellewish or sangrine and pxulsut centsat. The dryisg
vasicle ox scratching en the part of the putiext lexds te the foxmatism of
dark bluisk-red st black eschar 1hich sxpands in dopth and widlh, Tegather
tha densaly infiltrated surreunding, it fecup & cearse meds, the carbumcle. New
visicles may sxupt em the odgs of ths sschar. Tha sschar rapidly tuxras black,
dry and vary Iirm ("hexd a5 adme lpatlmr”), it castimms ts axpand iz width snd
dopth, aund sxtansive edsms may set im in the pminity, diafiguring ths affectad
part, Preceading fram the carinorcls, inflammstery precasses laad st = early
stags asleng the lymph vassals to the regismal lymph medes. These mxy o wvary
peinful in cemtrast t» ths carbuscls whick usmally is puinless and inssmsitive.
Jouxdsz, ia a rspert of 10 casss fram Ihe regism of Arlas (sewtharm Framcs)
veintad sut in 1947 that saly twe of these shownd a typical pustuls meligma,
whmsnas § parsesms ravasled bumerrhagic vesiclss that develepad an eschar aftar
z faw days. This ws gamerzlly fellewed by the devulepmunt of saditiema)
vesicles, marly slways with very prowsusnced lymphengitis. Ne metad z mixsd
infe:tiem with tetamis bacilli, im which the anthrscic diserder was cured by
sexwm trsatmmst, while the tetamus infeactien resmimed imtractabla and led te
death,

13
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The end of the first week of illness or the second week brings suppurative
demarcation around the mecrotic tissue, At the same time the edems retracts,
the eschar softens and loosens, the lymphatic inflammation abstes. A granulating
surface remains, which later turns to a scar. : :

The whole ;rocaes {8 sccompanied by early appearance of such y&rﬂ.
simptoms 28 feve:, exhsustion, and inappetence, Severe cases may involve intensi-
fied manifestations on the first few days, including pain in the head and liwbs,
septic temperstures and circulatory insufficiency., The situstion may be rendered
more difficult by sanguineous vomiting and bloody diarrhea, profm sweating,

cyanosis, collapse temperature and cessation of intestinal secretion (similar to
asphyctic cholera). In most cases death occurs at the end of :he fmt week or
the beginning of the second, , . ,

It is obvious from the preceding discussion that the. locgtion gf ﬂn ‘pustula
maligns is of great importance to the totsl course of the conditfon, Graf did
not find a single fatality among patients with pustule: on the ‘trink sml on the
-inbs. Of 20 cases with carbuncle localirzation on the fara‘head, fierk and eyes,
I terminated in death; there were 15 fatalities among 55 Of his phtients with
lesions in the face or on the shaved throat. The :enovﬂ of the fatty layer
that under normal conditions protects the skin, and the: ir:quent dévelopment of
small cutaneous defects due to shaving certainly play an important role in the
infecting process. Graf found 29 pstients with pustules on the throat, of whom
12 died. ‘ o

2, Antkrex edema is situated predominantly om the face and in the mucous
membrenes. The swelling is doughy, soft and translucent with a light red to
datk rad or even ziemic sppearence, The skin, partially smooth and partially
areolate, frequently is marked by vesicles that msy burst and dry into scabs.
In that case there is no divergence from the carbuncle, A strict differentiation
of these two initial forms is impossible in many cases, According to earlier
authors, the prcocess of edema usually is more severe and imfavorszble prognos-
tizelly, Xeczlizatfon in the mouth or in the region of the upper respiratory
tract is pavticulsrly dangerous, since there {3 a possibility of interference
with breartizg and seellowing, as well as the danger of an t.tcending infection,

Even menlng’iic conditior.s are seen occasionally., These cases are relatively
rers, hwever; eelw 10 had been 1isted in the worid literature until 1947,
Since then, thrze 2£dditionzl cases were reported by Claisse and Pestel,
Sharatia=, Grififin and V., Auersperg, as well as by Eck, Claisse and Pestel's
case invoived a 45-yesr-old dock worker who had unloaded goat skins from Yugo-
slavia and who shorily thereafter developed a furunculoid ulcer in the neck,
which remezined unmoticed for some time. A severe comatous situstion developed
within 28 hours, lesdiag to death with the appearance of mumerous petechixl
hemorrhages on the whole trumk., Copious anthrax germs were demonstrated in
the liquer preparation and in the culture,

Sharaham, Griffin, and V. Auersperg observed a vesicular eruption on the
upper lip of a 57-year-old cottom picker. Culture of the vesicular content
yielded anthrax bacilli., A meningitic condition developed as early as the
second day of 1llness., Anthrax pathogens were found also in the liquor culture,
The patient was saved by treatment commencing the second day, consisting of
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large doses of penicillin (110,000 on the sscond day, 4,400,000 on the third,
partly intrathecally) and anthrax ssrum as well asz sulfediscis,

The last case, dsscribed by Kck in 194%, inwvolved 2 I-ysax-sld girl whe
suddenly bacame 111 with a clinically mysterious symptemstelegy. Sectiom re-~
vealad hemorrhagic leptomsningitis caussd by anthrax bacilli. Ths pathogen
originated in the stuffing of a toy deg with which the child hed playsd. Me
cutansous pustule was demonstrated im this case.

3. Pulmonary anthrax (wool-ssrter's dissass) usually commnces suddenly
with rigor and fever. Ths gamerzl manifsstatiens matisssd sdeve appear early
and are sccewyunisd by symptame sf the raspiratory passagss, such as dyspmea,
erythema and swelling of the nasal, pharyngsal aad laryagesl mucous meibrams,
This disorder is nsarly always acquired by aspiratiem of spers-cemtaining dust,
as during the sorting of wastes and rags or in wool carding mills (such x case
was recswn”ly cbssrved in Rawburg). The initisl picture sf branchitis was
followed by advancing dyspmea and developed inteo a psumsmic infiltrate with
foumy~-sanguimeocus sxpecteration., Plesuritic sxudate frequently is an additieasl
facter, Bacilli are dewonstrable in the spetux. DBeatk occurs om tha 2ad er
3rd day, spmatmnsous cutas ars very rare. Accoxdisg to a compilasién by Lemmsl,
there ‘wre 108 fgtalities ameng 113 cases ¢f pulmonsry and intestinal amthrax.

4. Anthrax of ths gastro-imtastinal tract =hows the gemeral symptoms
listed above combined with violeat vomiting oft.. witk sanguinsous admixtures,
diarrhea with puraly watery-sercus stoolls, occssionally even streaked with
blood., This infaction is contracted by consumption of centaminared msat or
milk, While the bacilli ars insctivated in the acid gastric juice, ths sporas
rearin viable and germimate in the mmll intestine. Thay subsequantly lesd teo
mltiple carbuncles of the mucous mambrane and a ssptic spleen. The abdewsn is
very sensitive to pressure and shows meieoristic distemsion at an sarly stags,
The violsnt course is ususlly followed by dsath on the 2nd er 3rd day, offaring
the sppearance of peritonitic or toxic collapse. More benign cazes are obsarved
among larger groups of people partaking of infected food. The p >gnosis of
intestinal anthrax generally is no more unfavorable than that of the cutaneous
W

The individual pictures cammot slwaya be diffarantiated with such clarity
according to their primary localizstion., Primary anthrax of the internal organs
may produce cutansous metastases, Pulmonary anthrax may lsad to intestinral
manifestations, Secondary intestinmal infections say also davelop by transport
of bacilli from a carmmcle. The various localizations all shars ths gamerz!
manifestations of severe infactiom, thoss of anthracic sepsis. Thess ssptic
signs are quite rarely observed without a distinct primsry localization, This
probably involves tha scquisition of the pathoger hrough the lungs oxr the
upper air passages.

Diagnesis. The diagnosis of cutaneous anthrax usually is guite uncampli-
cated, It is readily delimsated agaimet the simple carbumcle, which is very
painful and slower in developing, and wh: .h later diascharges copiocus pus from
several cutamsous opanings. Glanderous nodes can be differentisted frem
anthrax By {3 very numersus cutansous modules and ulcers, Compared to erysipelas,
anthrax edema does not show as distinct a deline-tion against healthy skin,




Confusion with erysipelas is possible especially in the region of the eyelids,
largely in the case of anthrax edema. Bacteriological oxsmination is an indis-
pensable aid in the confirmation of anthrax and must be resertsd to in every
case, Often the exsminatiom of the secrstion takea from the focus of infection
suffices for microscopic identification, at times anthrax bacilli are present
in very small numbers or mixed with other bacteria, necessitating an animal
test or a culture. When the suspected materisl is instilled subcutaneously in
mice or guinea pigs, the anttwax bacilli multiply at an extraordinary rate and
induce faral sepsis. They are then readily demcnstrable in the blood. Cultural
studies are made on agar surface cultures (colonies resembling Medusa's head)
and gelatin plates,

The identifilcation of anthrax of the gastro-intestinal trart is more
difficult, The anamnesis may offer important clues, if consumption of the
meat of anthracic animals has been admitted,

Pulmonary anthrax may initially be confused with croupous pneumonia. 1In
such cases the examination of sputum and cepecially, of blood cultures, offers
imporzant informstion. Blood cultu:res are best grown on dextrose broth or
dextrose agar. In the case of massive bacillary invasion of the blood, as seen
in the last stages of the disease, the pathogen becames visible on blood slides.
Staeubli tested a direct method of demonstration by drawing & fresh drop of
blood from an injectfon point, diluting it with a 10 - 15-fold amount of 3%
acetic acid, centrifuging the mixture, and than staining the sediment, consist-
ing of leucocytic. muclei and pethogens, with May-Grusmwald., The liquor may
also contain large amounts of anthrsx bacilli. 1In addition, anthrax bacilli
may be demonstrated in the bone marrow,

In addition to bacterioscopic and cultural tests and the animal expéipiment,
veterinary medicine makes use of the thermoprecipitation after Ascoli. The
suspected material (blood ox splenic juice) is diluted with physiological
saline., The mixture is then boiled for & few minutes and filtered. The cus-
tomary specific anthrax serum is added to the cooled clear filtrate.

Prognoei=s, Cutaneous anthrax has the most favorsble prognosis. FNinsty
percent of all cases are restored to health occasionally without any kind of
treatment., A case of external anthrax that is recognizad and traated zarly,
is nearly always curable, The prognosis deteriorates upon the appearance of
general infective manifestations, Anthracic edama is genei1slly considered to
be less fevorable prognostically than the carbuncla., Even intestional anthrax
may be cured, but the danger of general infectiom is greater here. Pulmonary
anthrax justifies the most inauspicions prognosis, The rate of fatal termi-
nations lies between 50 and 87%, according to some authors even near 100%.
3lood cultures figure conspicuously in the avalustion of tha prognosis in theme
last two forms: I1f numerous colonies grow out the prognesis is very doubtful;
if only a few appear, a favorable outcome may still be hoped for. Recovery
usually produces a prolonged immunity.

Therapy. Surgical treatment of anthrax pustules has fallen into general
disrepute; considering the experience gainaed during the past years, it may
now be considered a virtual blunder, Conservative therapy of the anthrax
carbuncle occupies the foreground, being based on the assumption that carbuncle
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formation represents a defensive msasurs on the part of ths exganism which
appears only in mors resistant individuals and therefers permits s mors faver-
able pregnosis than a diffussly cemmuncing symptamatelegy. Sthell, whe cem-
pared surgical and conservative appreschas, found 44% fxtalitiss comnectsd with
the former, and 7% with the latter. Treatmsnt will tharefore bs limited te
cleansing of the pustule's surreundings, fmmobilizatien and elevation of the
affected 1imd im the event ths pustulss are located em the arm or the lag, and
rrotection of the pustules with a salve dressing, e¢.g. punieillin ex sulfoma-
nide aalvs,

Lecal applicatien of heat in the ferm vf shertwaves, irradistiem with heat-
giving lzaps and catsplasms is slse being receamandsd. 3Such hyparemisatien is
expected Lo axert s salutary influence om tae hsaling precess. Grubar aad
Futtaki chserved anthracocidal substamces in the obstructed lymph of rabbits.
This ssems te suggsst occasiensl expleymnt of Bier's msthed in human medicine,
when the affectiom is lecalized in a suitable axes. This mmthed of bleckage
vas slss receommndsd by Zuslzar; it mmy conceivably iwpeds ths dissaminatiom
cf bacilli via ths lymph passagss.

RBowver, it must de remsmbsrsd im commsction with all metheds of treating
cutaneews anthrax, that the wmumber of spentanesus cures is vary large, asd that
the therapm .ic valus of thess metheds must not be overrated,

Many different ramediss hava hean utilizsd in tha trextmmnt of gathrax,
Thus, BackeT recammndad a single dess of 0.6 messalvaxrszn, Gilbert (%~.thern
Rhedesis) alse trsated 9 patiants with messalvarsan, 7 of whom showe. ' s carke
able improvemant after ome injectiom, although 2 required largs dosc..s.
dcelari confirmed this success ia 5 casss. Spamcer suscassfully smpleysd
arssnic preparations i the treatwszi of a group infection csused by censusption
of meat frem a dissased anfmal, Om the other hand, Graf ceusidars mauagammat
vith silver and arsenic preparatiens ts be imefficacious en the basis of his
extensive experience (Baumamm had recemendad agrechremm).

Tha iatreduction of searum therapy breught a very cemsiderabls thermpsutic
sdvance, carriad out ix kimsn mdicing in the ferm of passive imsusizatiem
according te Scalve's mthed, whe im 1903 reported om the first 144 casss
succassfully treatyd with saxrum. The esploymant of tms mathea lowsred the
witality frem 24% to 84. A reperi irem Engiand invelving 8§00 cases claims
a drep in the death rate from 48.3% te 4%. In Argentina, Pennz ebsarved &
mortality of 10% with serum therxpy; Andrew, in Bulgaris, ems of 4.2} centrast-
ed with 252 prier to ssrum therapy.

It is imperative that trutrnt bs commnced as sarly as pessibls. NHigh
init &l desagas of 50 - 500 ca - axe recesmanded, Applicatien ganarally may be
{istrmmsscular, Advamcsd cases requirisg rapid efficacy mmy be trasted iatra-
vesously (Cxickeli and sthers),

Tha sarum i3 obtaimed from horses, catt.e, shesp, denkays, and mulss,
¥ovine serum offers the advantage eof causing serum disssse less fregquantly
than equime sarum. Serum is preducsd by various msthads, but ne impertant
difference in the efficacy of the saveral msthods is evidsmt. Accerding t#
Sebermbeim, the serum produced by Marck amd ihe Noechster Farbwerke is gewsrally
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used in Germsny, The naturs of serum activity is not clear. Although various
antibodies have beon demonstrated in high quality sera, several authors do not
credit tham with a decisiva role fin the activity of the sarum. This is usually
attributed to the anti-infectious sera. However, it has no bactericidal or
phagocytosis-promoting substances. Petterson assumes that negative-chsmotacti-
cally active substances are formed during infection, whose inhibitory effect
neutralized the antibodies contained in tise immuns serum and thus clears ths
path for phagocytosis.

ined therapy has also been tired. Hodgson used sexum in conjumction
with a neosalvarsan preparation and Bierbaum had previeusly sdded salvarsan to
serum therapy. The investigators claimed very good results for such mixed
treatment, provided it is dispensed early.

There also has been some opposition to serum therspy. Thus, Roggeri does
not balieve this treatsent influenced his 362 anthrax cases decisively. The
same tendency seeme svident in the results of experimsutal work dome by
McCullough and V. Auersperg in 1947, The writers infected mice, guinea pigs
and rabbits with an anthrsx broth culture and troated tham with penicillin and
anthrax serum. While penicillin was able to protect the snimals, the antiserum
proved usaless and was found to be toxic in blank tests. Schmidt (Marburg)
also rejects serum therapy, since in his opinion the protein-containing capsule
formed by the pathogen in the human organism prevents bthe activity of instilled
antibodies. Autohemotherapy has also been described as successful. Erb
performed hemal blockage after Laewen with peripheral injection of the carbuncl:,

Sulfonamides have also been used in anthrax and proved to have some efficacy.
J. Docrffel was the first to successfully resort to sulfonamides i{in the form of
Prontosil rubrum in the treatment of anthrax. HNe was followed in 1941 by
Bergmani with a report on Z cases. In Hungary, Ferenci published a detailed
account of successful therapy with para~amidobenzol sulfamide (Deseptyl). The
preparation wag dispensed pex os and as an injection, V. Brede and Nagy achieved
good tesults with 2 - p « aminobenzolasulfamido - &4 - methylthiazol in 11 cases
of cutaneous anthrax. Their patients included four who had previsusly undergone
ineffectual serum therapy aod had reached a very serious condition, Schoenfeld
and Kimmig, on the other hand, warn against unduly high dosages of this drug due
to the daunger of venal damage (crystallirzstion iz ths venal canaliculi) and
neuritides. Recently, the campound sulfadiszine (Pyrimal and Debenal in the
Cermsn nomenclsture) has been successfully introduced into anthrax therapy,
espacially in America, The reports of Lebrun, Shanshan, Griffin, and V.
Auerspsrg, as well as Reilly and Beason, concerning treatment with sulfonamides
and other measures, predominantly penicillin, are also quite faverable.

A predacessor of contemporary antibiotic therapy was the treatment with
pyocyammse, based on the ressarch of Preudenreich, Emmerich, and Logw, Gundal
and others, Favreuil and Fortiau were able to cure 68 out of 69 cases of anthrax,

One year after the discovery of penicillin, Fleming demonstrated an effect
of this remedy on anihrax pathogens, Later investigations by Abraham, Chain,
et al, confirmed these observations and determined moreover that there are
anthrax strains extraordinarily sensitive to penicillin. 1In 1944, Murphy,
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La Bocstts and Lockwood were the first to dsscribe favorable results in ths
treatment of humans, This was followsd by rsports from Ellingsom, Rookwelitsr,
and Rowe, wvho cured 25 patiants with 1 - 400,000 units, but who pointed out a
phenomenon latsr confirmed by us and others, namsly, that carbuncles continus
to develop for some time despits the dastruction of the pathogens. Griffin and
co-workers still combined with sulfonamides in the tresatmsnt of 10 p tients
(100,000 - 300,000 units evary 3 hours, up to a total dosage of 13,000,000 on
the average), 17 additional cases were traated solely with the ant’biotic,

They recommend large dosages becauss they found that certain strains of anthrax
are relatively insensitive to penicillin,

The thexrapsutic approach in penicillin tharapy i{s varizble. A few writers,
e.g. Stott (1 case), LaBocetta (36 cases), Weinstein and Olivar (3 casas) dis-
pense the drug cnly inteamuscularly. Abraham injected a total of 600,000 units
into the anthracic focus. Videlas amd Scodsller instilled 40,000 units around
the pustule and 60,000 under the pustule. Weinstein, togsthar with Sarrias,
still recomsended irnfiltration therspy alons as lats as 1945, Additional
favorable results with {ntramuscular trsatment, partly with combinsd management,
are reported by Brunner, Mitchell-Heggs, Reque, Nogusr-Morm. Grusniager usas
local compresses with penicillin and simultamscusly prescribas intravenmous drip
tharapy vith dsily deses of 100,000 ~ 200,000 units, feor a twtal trsatwent with
500,000 - 800,000 units., Xolmer, who dispens=s 20,000 - 40,000 units everys3
hours, recommends a blood culture im wvery severe cass, and, upon a positive
demonstration as wall as in zll casss of pulwonsry and intsstingl anthrax, com-

timuation of penicillin in desages of 200,000 - 300,000 wmits until tha blood
cultures bacoms negative.

Ruilly and Besason trezted 4 cases with combination thsrapy using 300,000
units and 6 grams sulfediazine deily fer 5 days. Ome patisnt was successfully
managed with 2 grams streptomycin daily. Lebrun succeedad inm saving & case
with a combination of penicillin and sulfonamide which had advaucead from s
pustula mligne on the upper lip to thrambophlebitis. Shanshan's success in
the combingd treatsmut of anthrax memingitis has sirsady beem pointed out.

Despite the positive evaluation of penicillin therspy, certain factors
mist navertheless be made clear: 1. The developmnt of the pustular stags is
not altered as already pointed eut, Although furthsr dissemination is prevented
(Ellingson amd co-workers, Gold, Mohr smd others). 2. The positive damon-
stration mmy, in some cases, cutlast the begimming vf the clinical rscovery
{Gold)., Mohr ncted this particularly in counection with thoss anthrax straina
that grew with a marked hemolytic zome on blood agar platss, Mamm points out
the necassity for constant bactsriological surveillance dus to the circumstancs
thist anthrax bacilli occasionally produce penicillinass, rendsring the vesults
questionable, Generally speaking, the bacilli are no longer culturally demon-
strable vithin 24 hours, as determimed by Ellingson and co-workers in 25 casss

(they dispensed 1 - 4 million umits intramuscularly in most cases, locally in
Othﬁr.)o

Penicillin therapy is not wholly accepted by Robert, who attributes only

secondary importance to it and gives pre-eminsnce to biological mmthods of
treatment,
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Personal experisnce vith s total of 13 casas has led us to adopt a combined
therapy resembling that of Marchionini. We injsct 200,000 units around aad
under the focus on the first day of trsatmsnt; 1if the focus appears maligmant,
this process is repeated en ths 2nd day, undar wnusual conditions svan on the
3rd. In addition, we prescribe 300,000 - 400,000 units of penicillin suspension
intramuscularly over 6 or a maximmm of 7 days. After 2 days of treatment in
this msnmer, the pathogen is mo longer demonstrable ia the wound sacretion. We
S8V two excaptions im the cass of hamolytic strains that were shown culturally
on tha 3rd and 4th day of treatment, respectively, although native preparations
were negative, Serum was instilled enly in one particularly serious case,

As an example of the efficacy ef penicillin therapy in such a ssrisus con-
dition, the following clinical record is reproduced in abbreviated form.

_ As Z., a 53-year-old man in geod genaral health. Rwploysd as staveders in
the harbor, occupied with the unloading of skins saveral days ago. Roticed a
mmall spot on the left upper arm since 2 ~ 3 days ago. A pustule appeared,
followed by a scab. On the day of admission to the hospital, the pustule had
been slightly forced for the purpose of obtaining the secretion, and the scab
had bean removed. At the tims of admiasion, the lesion presented as in Fig. 3.
Traatment wvas immmdiately commsnced by subpustular injection of 200,000 units
and instillation of 300,000 units of penicillin suspensien. Nevertheless,
rigor set in during the evening, the swelling on the arm incrsessed duriang the
night, the temperaturs rose and the clinical picture took on an extremely
septic aspect,

Under these conditions pemicillin dosage was increased and the antibiotic
vas injected 13 doses of 50,000 units evary 2 hours, In addition, ths patient
received 20 cu” serum. This comdition improvad rapidly under regular penicillin
treatment every 2 - 3 hours and daily dosages of 600,000 to 800,000 units, sven
though the local lesion behavad ss indicated and restitution was quite slow,

The strain was frankly hemolytic and mé deic.wiiable in the culture up teo
the 3rd day of illness in spite of wary intense treatment.

It must be emphasizaed in a critical evaluation of this case in particular,
that the teaperature alevatien continusd and the mituation worsened despite
local and intramuscular application of penf~i1lin, This circumstancs seems to
indicate that serum therapy should not be sbandoned entirely, notwithstanding
the megative results of avimal experiments by McCulleugh and V. Auersperg, and
that it should be resorted to in serious cases as before. Om much occasions,
40 and 30 o serun may be dispensed without hesitation for 2 or 3 days. It is
recommended, in this commaction, to instil part of tha seium intravenously, say
20, cm3 intravenously and 30 cm3 intramuscularly on the first_day, the same
dodage or a reduced one on the racond day, 1. e. about 10 cam3 intravencusly and
20 cm? intramuscularly, while the dose on the 3rd day would conform to the
situation, being either unchanged or reduced farther. A second factor should
be pointed out: Reservations have been voiced frem various guarters regsxding
local application of penicillin in the form of infiltration., The aforsmentioned
case, aspecially, compelled us to subject cur opimion concerning peripustular
and subpustular injection to a certain revision, so that we proceed more
cautiouzly in the case of localizetion in the face, especially the eyelids,
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chsaks snd chin, while local applicatien is retaimad in commmction with all
other lecalizations. Care must be tsksa mot tw upset ths mwormal cenditiens of
bemal ssturation by sxcessive fluid iafiltration, simes otharwisa the peni-
cillin injected intrmmuscularly, wvhich {s transported by tha clmhtm, will
not reach its destinstion,

The most rscent American msthods of anthrax thexapy dispemss with serum
and make exclusive uss of peniciliin (Xsefer). Thay-cemsider a daily intra-
musculay deose of iv0,000 - 200,000 units Jufficisnt and prescribe it for 3 - ?7
days, depending on ths patisnt's reaction.

This type of therapy mskas exiensive local measurses ummscgssary. 4 pro-~
tective dressing with penicillin salve or, pipeferably a penicfllin-saturated
comprass, together with strict imsobilization of the affected limk, is quite
satisfactery. It is understood that the anthracic patiemt must obssxve strict
bedrest during the first few days.

In the case of pulmonary anthrax and intsstinal anthrax, as well as anthracic
sepsis, the smployment of pemiciliim, ssrum and, if mcassary, sulfsnsmide cam
bimatiens, is maturally indicated in sxrder te pruvant vhat etherviss weuld be
digaster.

Prophylaxis. Ramn infectioms iwvarisbly ars trsced dack te iafacted
snimal products, For this remsem, pruvention cousists assentislly of the com-
trol of anthrax ameng animals. This is carried sut in all eivilized ceountries
on a legal basis. Anthrax is repertadle. The primcipal task {s te identify
all xmtwals that have Iman iafacted with anthrax or hava died of the disease,
axd te sliminste them together with their sxrratien. The geévermmnt therefore
cospensstas for all animal losses dum to anthrax, even in cases wvhere ths
report was overdus. 1In perucutely developing cases the owmar doss et aven
have = chumcy to raport the infectiox in tims. Attsmpts to curs anthracic
animals may be undsrtaken only by vetsrinarians. BStalls of diseased and affect-
ed zimsls must be isolated and wudjectsd te imtease disiafectien at smes.
Cadavers must be trangparted te smliml precessing plants in tighly ciesed
vehicles. Bissection and skimning outside flayiug establislamats is prohibited.
Csdavars sust be eliminsted by hurning or by technical precessisg. Ths latter
is acconplished by boiling until tha seft parts disiategrats or by dry dic-
tillation, In Cermmmny, tha burial ef ankhracic cadavers is ferbidden. Since
a complsts, harmless slinimtien of anthracic cadavers is difficult in uncivil-
fzed comntriey gnd, especially, in ths steppes, this sxplains the high praval-
ence #f anthrax in thess countriss. Yossas in livasteck axs hevre prevented by
imumd zation with attemuatsd amthrax bacilli ox sporss, which affords positive
protection fer ems ysar. In msay parts of Ssuth Amrieca, Afriex and Asis,
profitabls anisml husbamiry would ba impossible withewt ths wmmml vaceinatiem
dus te the high incidence of mnthrax,

A mmbaxr of erdinsuces hava baex issuad to prevent the importatien of
anthrax bacilli is fereign mnimal wredwets, Maat and bens Wzl must be steri¢
1izsd prier to importation. Imperted animal hairs and bristles must be disin-
fected by steum with additien of 10% fsrmmldshyds; wwsl by wvashing in soapy
vater at 39 - 43°C and subsaquaxt soaking in 27 fermaldshyda or flewing steam
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at 0.15 atmospharic prsssure. Sterilization of hides is difficult, since ths
tanning properties must not be impaired. Ous therefors attemspts to identify
infected skins prior to tanning. This is done by preparing a cold axtract of
punched-out sacples, which then is subjected to precipitation. Thes inactivation
of tannerxy sewage is very di{fficult since chamical disinfection of the wasias
cannot be carried out, Devitalization of anthrax bacilli {s guaranteed only in
the solid tailing of tanneries brought about by composting for 3 months with
addition of quickline. Safety regulations have been issued in enterprises that
may conceivably hsndle anthracic material, e.g. the leather and brush industries.
Maritime transport workers must be equipped with nead and neck guards during the
transport of skins.

Prophylactic vaccination of humans, which incorporates grave dangers, must
be actively discouraged.

Bxperience gained in Hasburg's i{ndustries indicates that appropriaste education
leads to early treatment of diseasad persons. The prognosis is considerably
{mproved thereby and the durstion of 1llness shortened. However, the necessity
for the reporting and isolation of every case of human anthrax remains unchanged,
since it is inadvisable to keep the patient ir his domestic milieu, despite the
improved therapsutic methods currently in use. The dressings of cutansous lesions,
the sputum of pulmonary patients and the feces and urine, particularly in the case
of intestinal anthrax, must bs disinfected.

Pseudoanthrax

Various difficulties exist in cornection with this disorder. Whether it is
to be classed with the zoonoses and whether in clinical relation of pseudoanthrax
to anthrax corresponds to the relationship between paratyphus and typhus, remains
to be solved by further thoroughgoing investigation, as stressed by Wilamowski
and Poppe.

The variability to B. anthracis was observed at the Institute Pasteur as early
a3 1883. In addition to small deviations from the classic type, various pseudo-
scraing have been grown that differ radically from B. anthracis. These ars motile,
strongly hemopeptic even in young cultures, and grow in broth with initial turbidity
and subsequent clearing with sediment and membrane formation. Soms of these strains
are described as apathogenic (Poppe, Wagner). Roehler claimed te be able o usa the
mougse test in differentiation (pseudostrains are said to be pathogenic only for mice,
and not for larger animals or man). This is contrastad with Schuermann's report of
death resulting from a case of human pseudoanthrax.

Several authors believe the distinct hemolysis in young, 16-hour cultures on
blood agar to be one of the most important criteria of pseudc-strains. Lippelt,
on the other hand, noted hemolysis in two clinically very serious cases of anthrax,
in the presence of all other signs of B. anthracis.

Ascoli's thermoprecipitation similarly cannot be considered a positive

differentisl-diagnostic measure, since Pasteur vaccines and pseudo-strains
frequently cause greater precipitation than B, anthracis.
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The thermsl resistance of pssudoanthrax bacilli usually is grester than that
of tha gsnuine anthrax pathogen.

The differentiation of B. anthracis or pssudoanthracis requires a careful
examination of the germs for their veriable propartiss by various ssthods
(Gillissen and List).

The clinical picture of 2 pseudoanthrax infection essentially ressmbles that
of anthracic sepsis (Poppe) with severe gensralized menifestations, heavy local
edema, disrrhea, swellings of the liver and splesn. The diagnosis was ascertained
post mortem in most casss. Autopay ravealed pulmonary edems, hemorrhagic pleuritis,
splenic tumor, swelling of the liver, and meningitis.

This clinical appaarance cexgaspouds approximately to severs anthracic sspsias.

The literaturs to date contsins no data on tha efficacy ef anthrax serum in
psaudosnthracic disorders or on penicillin therapy of such infections.

Illustrations

Fig. 1 Anthrax bacilli {n a lesion smsar.

Fig. 2 Anthrax carbuncle en the cheek with s central png'lnary scab and
surrounding erythema.

Fig. 3 Anthrax carbuncle on thea elbow with s central eschmr of blackish
color and vesiculation in ths peripheral zenss.

Fig. 4 Anthrax carbuncle on the forehead with accompanying edems of the
upper 1lip.

Fig. 5 Anthrax carbuncle on tha cheek, 3rd day of illmess prier te
commencement of peniciliin therspy.

Fig. 6 The same carbuncle after penicillin treatment 6 days later.

‘Pig. 7 Anthrax carbuncle on the elbow, sse Yig. 3, with septic distri-
bution and favorahle restitutien under i{ntense penicillin therspy.

Fig. 8 Anthrax carbuncle on the thrcat, good recovery undsr penicillin
therapy. Conspicuously long persistence of anthrax bacilit,
groving with a hamolytic zons, but otherwise rewvmaling all signs
of the typica' anthrax bacillus (Lippelt).
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(From W. Volland: Lesions of the Central Nervous Sycter Czused by Infectious
Disesses.)

9. Anthrax

Anthrax, an acute infectious disesss occurring as a pronounced occupational
illness and becoming progr.:ssively rarer in Germsny and in meny other civilized
countries, f{s accompanied by high-grade bactearemia and general hemorthagic dia-
thesia. These two characteristics are important for thc pathogeneszis of patho-
logic-anatomical lesions of the central nervous system, dempnstrahble at a high
percant rats in connection with anthrax.

Hamorrhagic anthracic meningitis, first described in 1874 by Wagner, is so
characteristic that it could alwost be called specific; for whereas the ligquor
‘s usually frae of blood in meningitides of every genssis, it regularly contains
blood in anthracic meningitis (Lusthy). Macroscopically, the sercus-hemorrhagic
or frankly hamorrhagic meningeal exudate which prafers the convexity of the
brain, is seen in pronounced cases as a layer of blood up to 1 ca f{n thickness,
covering the cerebral surface in ths form of & hood (Peice, Weimann and others).
However, spotty hemorrhages in the region of the soft membranes have also baen
observed (Silbarberg, Martinoff). Microscopically there are fraequen:ly con-
aidersble amounts of white blood cells, such as leucocytes, lymphocytas and
mecrophages (Wohlwill, Weimann), in the region of the arachmoidal nerwsrk, {n
addition to erythrocytes and fidbrin, justifying Moora's description of "sanguino-
purulent leptomeningitis™ in connection with anthrax. In view of the pronounced
hemorrhagic nature of the {nflammation, the vascular lesions are notewmcrthy
which, demonstrated as sarly as 1885 by Marchand and said by Hersog to be present
as & rule, are marked by severe regressive wall defects, eanpecially in the
region of the media, including necrosis. Degenaration of muscular fibers pre~
dominates. Laceration of the elastica leads to appsarances recalling dissected
aneurysms. According to Herzog, the hemal extrasvasstes develop either per dia-
pedesis or (by laceration of the sdventitia) per rhexis. While Herzog ascribes
ma jor responsibility for the occurrence of hemorrhages to the arteries, Bext,
who does not deny the reality of massive hemorrhages on the base of circumscribed
wall necroses of umall and medium-sized arteries, considera the veins particular-
ly vulnerable owing to their weaker walls and, in contrast to Hereos, places tha
inception of the process {n the outer layers of the wall., The perivascylar
arrangement of psthogeis in anthracic meningitis described by Wagner in 1874
and by numrrous investigators after him, represents a finding in support of this
concept. The anthrax bacilli which may be grown from sanguinolent liquor
(Pette), mey also be demonstrated in histological sections, st times in enormous
amounts. Frsquently they are more copious in the hemorrhagic exudate than in
the luains of che meningeal and cerebral vessels (Pslteuf). Yet, they bave been
encounterid even here at times, occasionally in large amouncs, especislly in
connection with leptomeningitis anthracica of hematogenic - metastatic genesis
(Merkel, Nieberle).

While Bexf (1926) estimates that $0% of all fatal cases o1 hxman anthrax
infection reveal meningeal or intracerebral heworrhages, Poppe lists the total




mortality of human anthrax at 10-202. According to this auther, the lethality
of internal anthrax approaches 100%, that ¢f external anthrax fluctuates between
5 and 35%. Sobernheim claims a variation in santhracic msertality based on
location snd time. Thus, for inscance, England reported Y14 cases during the
years 1910-1920, of which 106, i.e. 14.8%, died. 1In France, there were 405
reported cases during the szame period with 49, {.,e, 12,07% fatal terminations,
while 1,175 cases were reported in Germany during the period 1911-"919, of which
16.11% were lethal. Sirce anthrax is an occupational dissase of workers dealing
with foreign hidea, animal hair and bristles, infections ameng children are
extraordinarily rare, Eck described a cese of anthracic meningitis involving a
l-year-old girl, The primary rocus mas locatad in tha nssal mucous mambrans.

A toy stuffed with ha're and rags containing anthrax spures was identified as 1
the gource of infection. A placental anthrax infection ocbserved by Marchand ]
algo invelved the central narvous system. Whereas heretefore arthrax had been
treated principally with snthrax serum, sslvarsan and sulfonsmides (Poppe), i
modern peaicillia ~herapy ought to lead to a considerably more favorable prog-

nosis in anthrax,

Ths soft spinal cord membranss may be affected by hemorrhagic aathzacic
meningftis in the same maoner as the meningss (Pette, Xieberle). PFrom hers,
the inflammatory process occasionally invades tho spinal card proper in the i
form of meningomyslitis (Fodechtsl). Ranse observad a cass of anthrax-induced
menings-e. caphalemyelitis which had presented an encephalamyslitic picture
recalling multiple scloroeis after the abatament of the acute mmnifestations. 1
Onorato also describes a spinl symptesatology after infectism with anthrax,
followed ky restoration of hsalib.

Frequently, but not inveriably, hemerrhagic anthrax meningitis {s accem-
panied by pusctiform cersbral hemoirhages localized porivascularly in the
cersbral cortax and a'so ir tle basal ganglis sand the medullary layer. Histo-
logicelly, thess invoelve prudaminantly pure hemorrhages (Pette), vharess ths
hemorrhagic exudats cf the 2>f; wembranes usually centains copisus leucocytes,
as alraady stresssed. Om the othsr usmd, leucocytes mxy alse be wll represeat-
ed inzrac.nbully in «ddi:tev to erythrocytes, justifying Nshiwill and
Weimama's Casignation “hemorrhagic s.cevhalitie*. The accompanying injury to
the nsural parenchyms geoerally (s re.scively mila, althsugh nerva swellings
azd ligquefaction as well a3 regreseive changes ... the glia, e.5. amaboid trans-
forzation of the glia. ey sccur {(Muigi, ¥Noi=aui).

As in leptomeningitides of 2iffrreat etiology, the disseminetien of anthrax
- pathogens in the woft meninges als> takes place either by lymphogenic disainage
from the surrourdings (Ziemke and m.hon) or mptastatically through tho blood
; circulation (Nieber'e gnd others), and this happens so frequestly in fetal
cases that a certal/n affinity of anthrax bacilli for the meninges has been
suggasted (acelheim and Kuktin),6 especialiy since Besi refers te the demon-
stratior ef 'mningeal or lntrazurabral bemorrhages in 40L of all fatsl cases i
€ anthrex, Bemuholdt-Thomsen's b casas of hamorrhagic anthrax msningitis
‘avolved two inatauces of irbalatiom anthrax, vhils the remsining 4 cases
z revealad portsls of gntry oo ths tongue near the cranial csvity, on the chsek,
" the upper 1ip, and the eki: of the neck. It is obvious that the hemorrhagic
" character of anthruci.: wen.ngitis is ticd to the general hemorrhagenic tendency
of this infectious disewse., Its principsl cause fodubitably is based on damage
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to the vascular wall “hich is expressed histologically by i1ecrosis of the zedta
and its sequels, Personal studies of anthracic guinea pigs carried out with
the collaboration of Arnolds and Brede demonstrated s positive Rumpeli-leede
phenomenon in support of the”vascular factor,” which certainly dominated the
cauge of bleeding In _hese cases. 1In addition, the bleediny time, *he coagu-
lation time and the prothromhin time were prolonged and the number cf platelets
diminished. Thus f{t was confirmed again that disorders of the hemostatic
reactior are never caused by dysfunction of a singlie hemostatic factor., Rather,
according to Ju-gens, severai factors are invariably involved, of which the
dominat:ng one -- in tlis case, the vascular factor -- frequertly determines
the type of hemorrhagic disthesis.

Concerning the question, in which manner the pathogens attack the vasculsr
wall, {t must be emphasised that the existonce of anthracic toxins has not
been disproved conclusively, nor has it been verified (Lommel, Sobernheim and
others). The hypothesis first defended by Tcusaint and discussed by Lamml as
late as 1934, according to which the hemorrhages owe their genesis to bacterial
embolism in the sense of hemorrhagic infarction, in view of the occurrence of
occasionally quite massive bacterenia, cannot withstand the criticism of the
histopatholugist; for. aside from the fact that the predominantly meningeal
kemorrhages in no way present the picture of air or fat embolism of the brain,
the changes in the nerve cells (which sometices are relatively mild) tend to
contradict this concept. On the other hand, it seems important to us that
anthrax bacilli have been demonstrated to possass proteolytic faculties (liter-
ature in H. Schmidt). The massive dissemination of pathogens consequently
explains the histiolytic effect on vascular walls, after Baerthlein had des-
cribed che “hemopeptic® influence of an anthracfc strain in 1914, i.e. the
capability ro degrade erythrocytes, including their stroma,

Aithough anthrax bacilli are also pathogenic for our domestic animals
{piant eaters and swine) as well as for rodents used as laboratory animals,
axd also evoke a septiceaic picture accompanied by bactersmia, splenic swelling
and hemorrhagic diathesis, hemorrhagic anthrz-ic meningitis does not play the
sane roie among animals as it does in human pathology. Although Nieberle (1925/
%6) faiis to find references to animal leptomeningitis anthracica in the litera-
itw, he does not doubt the occurrence of hemorrhagic anthrax meningitis among
ccinsls ¢n the basie of reports of capillary bleeding and spotty hemal coagula
Setween the me1’nges; asverthealess, it is undoubtedly rare. The main reason
for tr1s divergenre from human pathology appareatly is the high incidence of
irternal anthrax, especially the intestinal type. among damestic animals,
vhereas human afflictions are dominated at the rite of 28-40% by cutaneous
anthrax localized on the head, throat or neck, f{.e. on unprotectcd parts, from
which a lymphogenic dissemination toward the neightoring cranial cavity {ise
easlly possible (Poppe). In view of the fact that human hesorrhagic anthrax
meningitis may also develop hematogenicully from a primary fccus in the region
of the digestive tract (Risel) or by inhalatioa (Kreisel, Poelschsu, Drodzda),
it should be stressed that hematogenic cerebral mstastases and cerebral embolil
are rare in animsls when compared to man, primarily because the small size of
aninal brains in comparison to the remaining parts of the head requires a
different distribution of arterial blood than that found in man and, conse-
quently, a differant distribution of introduced emboli (Joest). Moreover,
inhalatfon anthrax may a’=o {nduce a primesry focus in the nasal region, asc
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that this mode vf infectiom ceuld alss cause mmuingitis threugh lymphoganic
disseminatior of pathegens.

Finally, mention should be msde of anthrax as eme of these infecticus dis-
eases that msy be followed by pachymeningitis (pachymmaingesis) hesmrrhagica
interna (Pette). Still, the positive delineation of this disorder of the dura
mster against the subdural hemorrhages associated with anthrax, whare thess

occur only as a symptom of genaral hemorrhagic diathesis, will be difficult in
some cases.
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Anthracic meningitis (meningitis anthracica)

(Prom H. Petie: Pachymeningitis and leptomeningitis.)

Anthracic meningitis 1is an inflammatory disorder of the soft cerebral and
spinal cord membranes characterized by very extensive hemorrhages within the
arachnoidal spaces. The hemorrhagic inflammation, which may lead to profuse
spotty bleeding, is localized predominantly in the ceratrai convexity and in
very severe cases resembles & red hood superimposed on the brain.

The first case of anthracic meningitis waa reported by Wagner in 1874.
This was followed by additional cases presented by Paltauf, Marchand, Merkel,
Goldschmidt, E. Fraenkel. In 1913 Pr. Puleci collected the mmterial, scattered
throughout the literature, into a comprehensive paper and added a very
thoroughly studied case ocf his owm.

Wohlwill found in the cases studied by him that red and white hemal elements
were represented in equal parts in the region of the inflammatory meningeal
lesions. The situation was different in the cersbral substance, where pure
hemorrhages generally predominated; these do not occur in the manner of mnular
hemorrheges, but £11! the strongly dilated lymph sheaths under considerable
pressure. Since the main concentrations of parenchymal lesions are located in
the cortex, the basal ganglia and the medullary layer, it must be assumed with

Wohlwill and other authors that the pathogens enter the brain by the lymphatic
route.

Marchand determined as early as 1885 that the entire vascular wall may
disintegrate due to necrosis and purulent inflammation. Necrosis is probably
caused by the toxins of anthrax bacilli located in massive proportions in the
soft membranes. Herzog considered the 2xtensive meningeal hemorrhages a sequel
to a severe disorder of the vascular media. Identical investigationa led Bezi
to the conclusion that profuse bleeding in the meningeal region sets in only
whan anthrax bacilli kave undergone massive reproduction in the vascular lymph
sheaths and the lymph spaces of the membranes.

Meningitis 18 so frequently seen in fatal cases of anthrax that Adelheim
and Kaktin assume a certain affinity of the anthrax bacillus for the meninges.

Briefly unoted, the patrhogen of anthrax may enter the organism and, con-
sequently, the meninges by various rcutes: 1. by penetration from small
cutaneous wound3, 2. by swallowing (intestina! anthrax), and 3. by iuhalation
{pulmonary anthrax). Of these forms, cutaneous anthrax is most prevalent.

The ~linical picture of anthracic meningitis agrees with the anstomical
situation, provided the manifestations of meningeal irritation based on diffuse
meningeal bleeding develop within a short period of time and soon lead to death
under deep disturbances of consciousness.




Rowever. Jeath im ihese cases mmy alse sccur guite swidamly, as was neted
in a puatisat ebserved by Nerzog. Na cemplained eof nluathlhuluumud
and disd vithin one hour under tonic-clemic cremps. Ansther case, describad by
Rays, was sst quite as sterwy. The S59-year-eld man, whe had cenplained of
malzise, nsusen and weskmess in the legs the day defsxrs, ad risen in the meraing.
:obceuudmdumdum,mhmmmuuth
ours later.

Nanse has rsported a peculiar ccss of anthracic msnisge-myslesacaphalitis,
In the wake of a mulignamt carbuncles en the fersars, the )9-ysar-eld mam devel-
oped the pickyre of mningitis with high-grads sommelencs and delirxiant agi-
tatien, Aftsr the abatemsxt of acuts mmnifestatienms, smcephtlemyslitic symptems
daveleped vhich strengly resemblad the picturs of mltinle nlev--u.

The ligwe:r ia sanguimolent mwwumma. It
yields pure culturss of anthrax bacilli regularly and with sxwe, fscilitating
the dimgnesis of anthracic memingitis upem pusitive findings in the liquer.

K. Frsankel comzidars bactarislegical sxaninatien of lumbay puncists
absslutaly mcassazry in cans of anthrax.
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Vol, IV, pp. 806-808
4. Antiaracic pneumonia
(From A. Lauche: Inflammations of the lung and pieura)

An anthracic infection of the lung has great similarity to the picture of
pulmonary plague. In the case of anthrax we sust also differentiate between an
infection via the skin {pustula maligna) and ‘nhalation anthrax (E. Fraenkel,
Nisharlie). We are concerned L.inmarily with inhalation anthrax, "woolsorters”
or "rag" disease (Paltauf, Eppinger). E.Fraenkel emphasiszes in his rccently
published paper on inhalation anthrax that the primary infection frequently takes
place in the bronchial mucous membrane, preferably at the point of bifurcationm,
From here it wanders to the glands of the hilus and evokes in these an hemorrhagic-
necrotizing inflammation quite similar to that associated with the foci of plague.
The pulmonary tissue proper is not necessarily attacked at the start. For this
reason E. Fraenkel speaks of inhalation anthrax and not of pulmonary anthrax.
Pulmonary anthrax is involved only when pneumonic foci are actually present in
the lung, which is frequently, but not invariably, the case in inhalation anthrax,
According to E. Fraenkel, the pneumonic foci in the lungs develop by sspiration
from the primary bronchial foci, and only rarely by the hemal or lymphatic route
in the manner accepted heretofore.

The anatomical picture of anthracic pneumonia is very similar to the findings
in pneumonic plague. Anthracic foci are also marked by a tendency to hemorrhages
and disintegration (Eppinger, Paitauf). As in pneumonic plague, the hilus glands
are greatly swollen and show hemorrhagic-necrotizing inflammation (E. Fraenkel).
This conspicuous involvement of the lymph glands will first suggest an anthracic
d1isease durlng section. In addition, serous or hemorrhagic pleuritis is present
in many instanaces.

The histological appearance of anthrax pneuymonia also resembles pneumonic
plague very closely, with the exception that numerous anthrax bacilli are found
instead of plague bacilli, even though in smaller numbers. They are particularly
well representable and distinct with Weigert's fibrin stain (Fig. 36). The
exudate containg copious fibrin more frequently than in' pneumonic plague. Accovd-
ing to E. Fraenkel and Reye, the anthrax bacilli arc capable of inducing "croupous®
infiammations in the bmnchi that are analogous to the pseudo-membranes of
diphtheria. In the pneumonic anthrax material made available to me by Professor
Fraenkel, the fibrinous exudate predominates in many foci. Other foci are cellu-
lar; no hemorrhagic areas vere seen. Although the msterial was difficult to
stain, probably due to late fixation after death (the rapid putrefaction of
anthracic corpses is well known, Paltauf, Sobernheim), the anthrax bacilli were
favorably depicted. They were found in copious quantities both in the alveolar
walls and the fibrinous masses of exudate. I was unable to determine the extent
to which a post-mcrtal reproduction was involved, since no fresh material was
available to me owfng to Professor Fraenkel's death in the meantime, and none
could be obtained from other sources. Cases of anthrax, especially inhalation
anthrax, have become rarer in Germany and there will be few opportunities for
differentlal-diagnostic congiderations in order to arrive at an identification




of anthrax, plague or influenza durimg dissactisn with a modicum of probability,.

Under no circusstances can a pesitive diagnosis be mads from ths macroscopic
appearance, since all three dissases may be marked by hamerrhagic and mecrotising
inflomtory processes; =21l thrss ars also sccompanied by ssvers swelling and
frequently hemorrhagic inflasmation of ths bronchial glands. Moreover, Kucsynski
and Wolff state that the desgensrative forws of streptecocci, eiten found in
influenza, are extrasrdinarily similax to the invelutioa forms of the plague
bacilius. This is valid also fer anthrax bacilli (see 7ig. 36). Thase may zlso
davelep club-shaped and irregular rods. Tha micrescopic swamimatien of the
pulmonary tissme proper will parmit a dscision in most cases, sincs s laxge
number of pathogens usually ara still wall preserved and gllow an identification
evan by bacteriescopic means. BSame casss, however, my ylald final clarificatien
only through ths anims]l test. Cenceraing the difficulties amcsuntsared in dif-
ferantial disgeesis butween snthrax, plague md ianflussxz]l pmumsnis on ons hand,
and war gss pnaumonias on tha ether, I refer the readsr te the description of war
gas puaumonias (p. 817).
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